version of RIG-I containing the CARDs but lacking the helicase domain, designated here as RIG-I CARD , is constitutively active. Indeed, the cDNA recovered in the original screen was truncated at the 5′ of the helicase domain [3] .
To examine the importance of the putative interferoninducing helicases, RIG-I, mda5, and IPS-1 knockouts were made [7] [8] [9] [10] . These mice have confirmed the importance of the helicases in antiviral response; notably, it appears that mda5 and/or RIG-I can respond to almost any RNA virus, with mda5 specializing on picornaviruses as well as some other positive-stranded RNA viruses, and RIG-I detecting negative-stranded viruses as well as flaviviruses. Surprisingly, though, while IPS-1 and mda5-deficient mice were viable and fertile, RIG-I knockouts demonstrated very poor viability, with only a few pups surviving several weeks after birth. The cause of lethality was liver degeneration at embryonic day 12.5-14.
There may be several explanations for this phenotype. First, it is possible that RIG-I is required for some other process, not related to virus recognition and signaling through IPS-1. Another possibility is that the structure of the targeted allele results in a neomorphic function in the liver. One potential mechanism for such neomorphic function is the fact that the targeted allele has the helicase domain of the protein disrupted, while leaving the promoter and the CARD domains intact. Therefore, the mutant allele, if expressed, may resemble a truncated version of RIG-I, similar to the constitutively active RIG-I described above. Kato et al. carefully examined RIG-I expression in the knockout and did not detect any RIG-I-related mRNA or protein; however, it remains possible that only certain cell types would carry such message. If so, the CARDs of RIG-I could indeed prove detrimental, as interferon and interferon-stimulated genes would be upregulated, potentially leading to further increase in the RIG-I CARD levels. One argument against such a scenario is the fact that heterozygous mice are born at the expected frequency and npg don't seem to exhibit any pathology; however, RIG-I wt may exert a moderating influence on RIG-I CARD activity, which would be lost in the homozygous RIG-I CARD context. To address the question of RIG-I requirement for viability, it would be important to make a separate RIG-I knockout allele. This has just been accomplished by Zhu-Gang Wang and his colleagues. In a recent issue of Cell Research, they describe a new RIG-I deficient mouse strain, which is viable and fertile [11] . The new knockout allele is structured such that one half of the second CARD domain is removed together with a crucial helicase motif.
Consequently, this design is not likely to lead to strong neomorphic functions. Additionally, the authors did not detect any RIG-I related mRNAs or protein.
While we do not know exactly what causes the difference in viability between the two knockout alleles, the availability of a viable RIG-I-deficient mouse strain opens the door to many new and interesting experiments, and the authors already report some intriguing findings. Specifically, the new strain is prone to developing a colitis-like condition. Interestingly, a point mutation in mda5 has been tied to a human autoimmune disease, type I diabetes [12] . However, the report of Wang and co-workers is the first to link RIG-I to autoimmunity, as well. The exact meaning of this finding is still unclear, and hypotheses explaining this phenomenon may be split into two broad categories. First, the absence of RIG-I may lead to an increased replication of a (presumably) viral pathogen, in turn triggering an aberrant immune response. Alternatively, RIG-I may be directly involved in the regulation of the immune homeostasis, such as a transcriptional response influencing the levels of certain mRNAs. Intriguingly, a deficiency in Gαi2, which is an alpha subunit of a G-protein coupled receptor, leads to a colitis phenotype resembling that of the RIG-I knockout [13] , as Peyer's patches are reduced in number and size, and peripheral T-cell subsets are skewed toward effector and memory cells. Indeed, the authors find that Gαi2 promoter activity and mRNA levels are proportional to the RIG-I expression; however, more research will be required to definitively establish a causative, instead of a correlative, relationship between the two genes. If RIG-I acts in the same pathway, several scenarios are possible, as described in Figure 1 .
And what of the virus susceptibility of the RIG-I deficient mice? After all, RIG-I appears to be a critical RNA virus sensor, based in large part on what we learned in vitro, in cells derived from the previous knockout. These experiments can now be performed in vivo, as well. Additionally, it is not certain that the outcome in the two different knockouts will be identical even under the in vitro conditions. We may be in for some unexpected discoveries, as the novel RIG-I knockout reveals new secrets of this RNA helicase. [11] , Wang and co-authors provide evidence that RIG-I may play a role at one or more points in the pathway. RIG-I knockout develops a colitis-like condition, similar to the knockout of Gαi2. RIG-I -/-lymphocyte populations are abnormal, suggesting that these cells, which are generally important in autoimmunity, are likely to be the site of primary RIG-I deficiency. However, the different abnormalities in the cell and tissues do not yet allow us to draw firm conclusions about the primary site or exact nature of the deficit. GPCR, G-protein coupled receptor; Gαi2 and Gβγ, G-protein subunits αi2 and βγ. Intestinal homeostasis
